The beam quality behavior of Hermite-Gauss laser modes propagating through Gaussian apertures is analyzed.
The characterization of the spatial behavior of laser profiles and the establishment of an adequate beam quality parameter constitutes a field of current inter est that is important in the comparison of the perfor mances of laser devices and in the design of laser optics. Recently 1,2 a family of measurable parame ters was defined that describes a number of proper ties of beams under propagation through general first-order optical systems, and a new parameter was introduced in the literature for use as an appropriate description of the beam quality in passive and active media. [3] [4] [5] [6] [7] Moreover recently it has been shown 8 that a certain class of soft-edge diffraction aperture, namely, the so-called Gaussian aperture, can suitably control the quality of Gaussian Schell-model beams. In the following, after introducing the pertinent definitions and the formalism to be employed, we analyze the quality changes in Hermite-Gauss laser modes when they propagate through Gaussian aper tures.
Restricting ourselves for simplicity to essentially bidimensional beams, let us start from the amplitude of the rath-order Hermite-Gauss mode:
where H n denotes the rath-order Hermite polynomial, x is the spatial variable transversal to the propagation direction z, k is the wave number, and w and R are the beamwidth and curvature radius at plane z.
We use here the Wigner distribution function for malism, 9 taking into account now that, since the field is coherent, its cross-spectral density function Γ is factorizable. It is well known that the Wigner distri bution function is given in terms of Γ as follows:
where ku is the wave-vector component along the x axis (consequently u represents the angle of propaga tion without the evanescent waves being taken into account), and P i is the total irradiance. When we define the average (q) in the form and assume that (x) = (u) = 0 (this is not a restriction since it is simply equivalent to a shift in the coordi nate system), a beam quality parameter can be de fined as where the (xu) term vanishes at the beam waist.
The (x 2 ) and (u 2 ) quantities are usually interpreted as the (squared) width and the (squared) far-field diver gence of the beam. It is important to note that the Q parameter is closely related to the well-known M 2 parameter 5 by
The lower limit of Q (the highest quality) can be shown to be l/4k 2 , which is reached only by pure Gaussian beams.
Let us now consider that at plane z the rath-order Hermite-Gauss laser beam given in Eq. (1) passes through a centered Gaussian aperture t(x) defined by its transmittance function:
If we use the notation and define a μ parameter as with 0 ≤ μ ≤ 1 [note that μ = 0 ⇔ r = 0 ⇒ t(x) = 0 and μ = l ⇔ r = ∞ ⇒ t(x) = 1], then, taking into account some integrals of the Hermite functions, 10 we can show that the beam-quality parameter Q is given by where the μ and n dependence of the Q parameter have been written explicitly. The intensity loss P 0 /P i can also be found: where P 0 is the output power.
In Fig. 1 are plots of the beam-quality parameter in terms of μ for the first Hermite-Gauss modes. In Fig. 2 is the quotient P 0 /P i versus μ. In relation to these figures it is important to note that parameter μ depends on z through the quantity w{z). Conse quently Figs. 1 and 2 also represent the behavior of Q and the intensity loss as functions of the relative position z of the Gaussian aperture with respect to the beam. It is then clear that the quality will be improved when the transmittance is placed far from the waist plane of our Hermite-Gauss laser mode. From the figures discussed above three main conclu sions can be drawn:
(1) The quality of both the fundamental Gaussian mode and the first-order Hermite-Gauss mode can not be modified by means of Gaussian apertures.
(2) When μ → 0 the quality behavior of the even modes is similar to that of the fundamental mode, but it clearly differs from the behavior of the odd modes, which for small μ reaches the quality of the firstorder mode.
(3) As a rule of thumb when μ → 0 losses are smaller for even modes.
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